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Summary
Introduction:  In  several  recent  studies,  unicompartmental  knee  arthroplasty  (UKA)  produced
better functional  outcomes  than  did  total  knee  arthroplasty  with  10-year  prosthesis  survival
rates greater  than  95%.  Nevertheless,  UKA  is  still  widely  viewed  as  producing  inconsistent
results. Tibial  component  loosening  is  the  leading  cause  of  failure.  We  consequently  sought
to identify  tibial  component  position  criteria  associated  with  outcomes  of  medial  UKA.
Material and  methods:  We  conducted  a  retrospective  multicentre  study  of  559  medial  UKAs
performed  between  1988  and  2010  in  421  patients  (262  females  and  159  males)  with  a  mean
age of  69.51  ±  8.72  years  at  surgery.  We  recorded  the  following  radiographic  parameters:  joint
space height,  obliquity  and  slope  of  the  tibial  implant,  whether  the  tibial  component  was
perpendicular  to  the  femoral  component,  and  lower  limb  malalignment.  The  International  Knee
Society (IKS)  score  was  used  to  assess  clinical  outcomes.  Mean  follow-up  at  re-evaluation  was
5.17 ±  4.33  years.
Results:  The  mean  10-year  prosthesis  survival  rate  was  83.7  ±  3.5%.  Factors  associated  with
decreased prosthesis  survival  were  a  greater  than  2-mm  change  in  joint  space  height,  a  greater
than 3◦ change  in  tibial  component  obliquity,  a  slope  value  greater  than  5◦ or  a  change  in  slope
 Round Table on unicompartmental knee arthroplasty.
∗ Corresponding author. Service de chirurgie orthopédique I, hôpital Trousseau, CHRU de Tours, avenue de la République, Chambray-lès-
Tours, 37044 Tours cedex 9, France. Tel.: +33 2 34 38 94 64; fax: +33 2 47 47 83 85.
E-mail address: jean.brilhault@med.univ-tours.fr (J. Brilhault).
1877-0568/$ – see front matter © 2013 Elsevier Masson SAS. All rights reserved.
http://dx.doi.org/10.1016/j.otsr.2013.03.004
S220  R.  Chatellard  et  al.
greater  than  2◦,  and  more  than  6◦ of  divergence  between  the  tibial  and  femoral  components.
Residual mechanical  varus  of  5◦ or  more  was  also  associated  with  mechanical  failure.  The  only
factor associated  with  worse  functional  score  values  was  joint  space  elevation  by  more  than
2 mm.
Discussion:  The  high  level  of  accuracy  required  for  optimal  positioning  of  the  tibial  component
during medial  UKA  indicates  a  need  for  considerable  technical  expertise  and  emphasises  the
conservative  nature  of  the  procedure.  Optimal  positioning  is  crucial  to  restore  normal  knee
kinematics  and  to  prevent  implant  wear  and  lesions  to  adjacent  compartments.
Level  of  evidence:  IV,  retrospective  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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Exclusion  criteria  were  UKA  to  treat  knee  tumours  or
injuries  and  incomplete  medical  records.  Prosthesis  survivalntroduction
nicompartmental  knee  arthroplasty  (UKA)  was  ﬁrst  devel-
ped  by  L.  Marmor  in  the  1970s  [1—3]  then  introduced  in
rance  by  P.  Cartier  et  al.  [4].  Although  several  recent  stud-
es  show  better  functional  outcomes  after  UKA  than  after
otal  knee  arthroplasty  (TKA)  [5—11],  as  well  as  10-year
rosthesis  survival  rates  above  95%[12—15], the  role  for
KA  in  the  management  of  unicompartmental  femoro-tibial
steoarthritis  remains  controversial.  UKA  is  still  viewed  as
ess  reliable  than  TKA  [16,17].  As  no  knee  arthroplasty  reg-
stry  is  available  in  France,  we  therefore  referred  to  the
ata  from  the  symposium  on  UKA  failure  held  in  2011  by
he  French  Society  for  the  Hip  and  Knee  (Société  Franc¸aise
e  la  Hanche  et  du  Genou  [SFHG])  [18].  These  data  from
ultiple  French  centres  were  likely  to  reﬂect  our  clinical
ractice.  Mean  time  to  failure  was  6.21  years  (range,  0—24.7
ears).  Among  failures,  19.1%  occurred  within  1  year  and
8.5%  within  5  years.  The  leading  cause  of  failure  was  asep-
ic  tibial  component  loosening  (24.7%),  in  keeping  with  other
tudies  [19,20].
For  the  Round  Table  on  UKA  held  at  the  2012  meeting
f  the  orthopaedics  society  Société  d’Orthopédie  de  l’Ouest
SOO),  we  sought  to  identify  the  tibial  component  position
riteria  associated  with  functional  outcomes  and  prosthesis
urvival  after  medial  UKA.
aterial and methods
he  UKA  Round  Table  focused  on  a  multicentre  retrospective
tudy  of  944  medial  and  lateral  UKA  procedures  performed
etween  1988  and  2010  in  11  centres  of  western  France
Tours  University  Hospital,  Caen  University  Hospital,  Angers
niversity  Hospital,  Limoges  University  Hospital,  Brest  Uni-
ersity  Hospital,  Niort  Regional  Hospital,  Alliance  Hospital
n  Tours,  St-Léonard  Hospital  in  Angers,  Jules-Verne  Hospital
n  Nantes  and  Littoral  Hospital  in  Saint-Brieuc)  and  in  two
dditional  centres  (Purpan  University  Hospital  in  Toulouse
nd  Regional  Hospital  in  Fort  de  France).  All  cases  of  medial
r  lateral  UKA  performed  for  any  reason  were  included.  The
nclusion  period  was  at  the  discretion  of  each  centre,  but  no
rocedures  performed  after  31  December  2010  were  to  be
ncluded.
The  944  UKA  procedures  were  performed  in  690  patients
435  females  and  255  males).  Mean  age  was  69  ±  39  years
range,  26—93  years)  and  mean  body  mass  index  (BMI)  was
w
d
t
V7.5  kg/m2 (range,  16.65—47.6).  There  were  864  medial
KAs  and  80  lateral  UKAs.  Mean  follow-up  was  63.8  ±  52.11
onths  (range,  1—266  months).
The  International  Knee  Society  (IKS)  knee  and  function
cores  [21]  were  determined  to  evaluate  clinical  outcomes.
n  addition,  the  patients  completed  a  quality  of  life  ques-
ionnaire,  the  Knee  injury  and  Osteoarthritis  Outcome  Score
KOOS)  [22], at  last  follow-up.  Weight-bearing  antero-
osterior  and  lateral  radiographs  and  a long-leg  radiograph
ere  to  be  obtained  preoperatively  then  after  3  to  6  months
nd  at  last  follow-up.
The  following  radiographic  parameters  were  analysed
23]:
 the  HKA  and  AKI  angles,  to  assess  overall  lower  limb
malalignment  (Fig.  1)  [24];
 the  height  difference  between  the  tangent  to  the  tib-
ial  component  joint  surface  and  the  lateral  femoro-tibial
joint  space,  to  assess  the  level  of  the  prosthetic  joint
space  (Fig.  2);
 the  angle  subtended  by  the  tangent  to  the  tibial  com-
ponent  and  the  line  prolonging  the  lateral  femoro-tibial
joint  space,  to  assess  obliquity  of  the  tibial  component
(Fig.  1),  with  varus  angles  being  given  positive  values  and
valgus  angles  negative  values;
 the  angle  subtended  by  the  tangent  to  the  posterior  tib-
ial  cortex  and  the  medial  femoro-tibial  compartment,
to  assess  tibial  slope  [25];  preoperatively,  the  line  con-
necting  the  anterior  and  posterior  rims  of  the  medial
tibial  plateau  was  taken  as  the  sagittal  axis  of  the  medial
femoro-tibial  compartment;  postoperatively,  the  tangent
to  the  tibial  component  was  used  instead;
 the  angle  subtended  by  the  longitudinal  axis  of  the
femoral  condyle  and  the  line  perpendicular  to  the  tangent
to  the  tibial  implant,  to  assess  femoro-tibial  component
divergence  from  90◦ in  the  coronal  plane  (Fig.  1).
We  conﬁned  our  study  to  medial  UKA  procedures  per-
ormed  in  patients  who  had  knee  osteoarthritis  and  who
ere  re-evaluated  at  least  2  years  after  the  procedure.as  evaluated  using  the  Kaplan-Meier  method.  Failure  was
eﬁned  as  removal  of  all  or  part  of  the  implant.  Parametric
ests  (Chi2 and  Student)  were  performed  to  compare  groups.
alues  of  P  lower  than  0.05  were  considered  signiﬁcant.
UKA:  Inﬂuence  of  tibial  component  position  on  clinical  outcomes
Figure  1  Radiographic  angles  measured  for  the  study.  The
HKA angle  measures  malalignment  of  the  lower  limb  mechani-
cal axis  (H  is  the  centre  of  the  hip,  K  the  centre  of  the  knee,  and
A the  centre  of  the  ankle).  The  AKI  angle  measures  femoro-tibial
joint  space  obliquity  (I  is  the  middle  of  the  medial  femoro-tibial
joint space).  O  measures  tibial  component  obliquity  relative
to the  femoro-tibial  joint  space,  which  is  assumed  to  be  in
the same  position  in  the  medial  compartment  as  in  the  lat-
eral compartment.  D  measures  intraprosthetic  divergence  and
is the  angle  subtended  by  the  longitudinal  axis  of  the  femoral
condyle  and  the  line  perpendicular  to  the  tangent  to  the  tibial
component.
Figure  2  Height  of  the  prosthetic  joint  space.  M  measures  the
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prosthetic  joint  space  had  no  signiﬁcant  impact  on  the  IKSheight difference  between  the  tangent  to  the  articular  surface
of the  tibial  implant  and  the  lateral  femoro-tibial  joint  space.
Results
Of  864  identiﬁed  cases  of  medial  UKA,  559  in  421  patients
(138  bilateral  procedures)  were  included  in  the  study.  Qual-
ity  of  life  assessed  using  the  KOOS  was  available  for  only
85  patients,  and  we  consequently  conﬁned  our  clinical
f
e
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ssessment  to  the  IKS  score.  UKA  was  performed  between
 June  1988  and  15  November  2010.  The  421  patients
ere  262  females  and  159  males  with  a  mean  age  of
9.51  ±  8.72  years  (range,  34—88  years)  at  surgery.  The
nderlying  knee  condition  was  primary  osteoarthritis  in
3.9%  of  cases,  secondary  osteoarthritis  in  7.87%,  and  avas-
ular  necrosis  in  8.23%.  A  history  of  surgery  on  the  same
nee  (meniscectomy,  ligament  reconstruction,  and  valgus
ibial  osteotomy)  was  present  in  97  (17.35%)  patients.  Mean
ody  weight  was  73  ±  12  kg  (range,  40—125  kg)  and  mean  BMI
as  27.7  ±  4.08  kg/m2 (range,  16.65—47.63  kg/m2);  obesity
eﬁned  as  BMI  greater  than  30  kg/m2 was  present  in  116
21%)  patients.
The  following  implants  were  used:  Alegretto® (Zimmer,
arsaw,  IN,  USA),  n  =  62;  Preservation® (Depuy,  Raynham,
A,  USA),  n  =  26;  Genesis® (Smith  and  Nephew,  Memphis,  TN,
SA),  n  =  15;  Hermes® (Ceraver,  Gonesse,  France),  n  =  21;
LS® (Tornier,  Montbonnot,  France),  n  =  170;  Lotus® (Cer-
ver,  Gonesse,  France),  n  =  26;  Miller  Gallante  and  ZUK®
Zimmer,  Warsaw,  IN,  USA),  n  =  44;  and  Oxford® (Biomet,
arsaw,  IN,  USA),  n  =  39.  Cemented  all-polyethylene  tibial
mplants  were  used  in  241  (43.11%)  of  the  559  procedures.
f  the  559  metal  tibial  trays,  520  (93%)  were  ﬁxed  and  39
7%)  mobile.
In  the  initial  sample  of  864  procedures,  10-year  prosthesis
urvival  was  83.7  ±  3.5%.  Of  the  108  failures,  33%  occurred
ithin  2  years.  Mean  follow-up  at  last  evaluation  for  the  559
rocedures  included  in  the  study  was  5.17  ±  4.33  years.  Of
hese  559  procedures,  14  failed,  with  loosening  in  ﬁve  cases,
remature  tibial  component  wear  in  ﬁve  cases,  extension  of
he  osteoarthritis  to  the  lateral  component  in  two  cases,
nd  infection  in  two  cases.  All  14  failures  were  managed
y  revision  surgery  with  conversion  to  TKA.  Mean  time  from
KA  to  revision  surgery  in  these  14  cases  was  59.1  ±  33.5
onths.  Mean  HKA  angle  was  173.9  ±  4.5◦ preoperatively
nd  176.4  ±  3.4◦ postoperatively;  corresponding  mean  AKI
ngle  values  were  88.1  ±  2.7◦ and  86.2  ±  3.4◦,  respectively.
ean  IKS  knee  score  was  59.3±15.7  preoperatively  and
0.3  ±  11.4  at  last  follow-up,  whereas  mean  IKS  function
core  was  61.2  ±  19.9  preoperatively  and  82.6  ±  16.4  at  last
ollow-up.
A  difference  in  joint  space  height  between  the  prosthetic
nd  healthy  compartments  was  noted  in  61.8%  of  cases:
he  prosthetic  joint  space  was  lower  in  48.1%  of  cases  and
igher  in  13.7%  of  cases.  The  measured  height  difference
as  1  mm  in  19.2%  of  cases,  2  mm  in  24.7%,  3  mm  in  17.5%,
nd  more  than  3  mm  in  12.7%.  A  joint  space  height  difference
as  signiﬁcantly  associated  with  shorter  prosthesis  survival
P  =  0.014).  Differences  in  joint  space  height  greater  than
 mm  signiﬁcantly  affected  prosthesis  survival  (P  =  0.0099)
Fig.  3).  Failures  related  to  a  lower  position  of  the  pros-
hetic  joint  space  were  due  to  loosening,  whereas  failures
elated  to  a  higher  position  of  the  prosthetic  joint  space
ere  due  to  premature  tibial  component  wear  and  extension
f  the  osteoarthritis  to  the  lateral  femoro-tibial  compart-
ent.  The  mean  IKS  function  score  was  81.0  ±  16  overall
ompared  to  only  75.5  ±  15.3  in  the  group  with  prosthetic
oint  space  elevation,  whereas  a  depressed  position  of  theunction  score.  The  IKS  knee  score  was  not  signiﬁcantly  inﬂu-
nced  by  prosthetic  joint  space  height  as  assessed  on  the
adiographs.
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Figure  3  Prosthesis  survival  according  to  prosthetic  joint
space height.  The  solid  line  shows  survival  of  implants  whose
joint space  height  was  within  3  mm  of  the  normal  value.  The
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Figure  5  Correlation  between  tibial  component  obliquity  and
postoperative  HKA  angle.  Tibial  component  obliquity  is  plotted
on the  Y-axis  (varus+,  valgus−)  and  the  postoperative  HKA  angle
on the  X-axis.  The  correlation  lines  are  shown  for  the  surviv-
ing prostheses  (grey  dots)  and  failed  prostheses  (black  dots).
Tibial component  obliquity  correlated  with  the  postoperative
HKA angle.  Note  that  among  mechanical  failures,  all  but  one
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a  number  of  criteria  for  optimal  tibial  component  posi-
tioning:  the  joint  space  height  difference  with  the  lateralotted  line  shows  survival  of  the  implants  whose  joint  space
eight differed  by  3  mm  or  more  from  the  normal  value.
Mean  tibial  component  obliquity  in  the  coronal  plane  was
.8  ±  3.4◦ of  varus.  Of  the  559  tibial  implants,  48.7%  were
ithin  the  physiological  obliquity  range  (±  3◦),  40.4%  were
n  varus  (>  3◦),  and  10.9%  were  in  valgus  (<  0◦).  Tibial  com-
onent  obliquity  correlated  with  the  HKA  angles  measured
reoperatively  (z  =  3.097,  P  =  0.002)  and  postoperatively
z  =  5.812,  P  <  0.0001).  Two  factors  were  signiﬁcantly  associ-
ted  with  mechanical  failure,  namely,  postoperative  varus  of
he  limb  (HKA  ≤  175◦,  P  =  0.001)  and  varus  position  of  the  tib-
al  component  (varus  obliquity  >  3◦,  P  =  0.029)  (Figs.  4  and  5).
ibial  component  obliquity  was  not  signiﬁcantly  associated
ith  IKS  knee  or  function  score  values.
Mean  tibial  component  slope  was  3.2  ±  3.6◦ in  our  case-
eries.  Mean  slope  change  relative  to  the  preoperative  value
as  0.19  ±  3.86◦but  varied  widely  across  knees  as  shown  by
he  standard  deviation  (SD)  of  14.9◦ and  the  range  of  −14◦
o  20◦.  Prosthesis  survival  was  signiﬁcantly  shorter  when
lope  exceeded  5◦ (P  <  0.0001)  or  changed  by  more  than  2◦P  ±  0.0003,  Fig.  6).  Tibial  component  slope  was  not  signiﬁ-
antly  associated  with  IKS  knee  or  function  score  values.
igure  4  Prosthesis  survival  according  to  tibial  component
bliquity.  The  solid  line  shows  survival  of  implants  positioned
t less  than  3◦ of  varus  relative  to  the  normal  joint  space.  The
otted  line  shows  survival  of  the  implants  positioned  at  3◦ or
ore of  varus  relative  to  the  normal  joint  space.
c
F
s
w
T
tccurred  in  limbs  with  at  least  5◦ of  varus  and  tibial  components
ith more  than  3◦ of  varus.
Mean  femoral  and  tibial  component  divergence  from  a
0◦ angle  in  the  coronal  plane  was  4.8◦±5.9◦,  with  marked
ariations  across  knees  (SD,  34.7◦;  range,  −12◦ to  29◦).
lthough  divergence  was  not  signiﬁcantly  associated  with
rosthesis  survival  (P  ±  0.278),  mean  absolute  divergence
as  signiﬁcantly  greater  (P  =  0.0023)  in  the  group  with  UKA
ailure  (7.6  ±  7.9◦)  than  in  the  group  with  UKA  survival  at
ast  follow-up  (1.9  ±  4.8◦).  Thus,  intraprosthetic  divergence
reater  than  6◦ seems  to  constitute  a  risk  factor  for  mechan-
cal  failure  (Fig.  6).
iscussion
he  analysis  of  our  data  indicates  that  tibia  component
osition  inﬂuences  medial  UKA  survival  and  can  also  affect
unctional  outcomes  in  some  cases.  We  were  able  to  identifyompartment  must  be  less  than  3  mm,  overall  varus  obliquity
igure  6  Prosthesis  survival  according  to  the  change  in  tibial
lope.  The  solid  line  shows  survival  of  implants  whose  slope  was
ithin 2◦ (in  either  direction)  of  the  preoperative  tibial  slope.
he dotted  line  shows  survival  of  implants  with  a  2◦ or  greater
ibial slope  change  compared  to  the  preoperative  value.
UKA:  Inﬂuence  of  tibial  component  position  on  clinical  outcomes
Figure  7  Mechanical  failure  according  to  intraprosthetic
divergence.  Absolute  intraprosthetic  divergence  (in  either
direction)  is  shown  on  the  Y-axis  and  mechanical  failures
on the  X-axis.  Mean  absolute  divergence  differed  signiﬁ-
cantly  (P  =  0.0023)  between  the  group  with  failed  prostheses
(7.6 ±  7.9◦)  and  the  group  with  surviving  prostheses  at  last
follow-up  (1.9  ±  4.8◦).  These  data  indicate  that  intraprosthetic
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Finally,  in  our  statistical  analysis  of  prosthesis  survival  wedivergence  greater  than  6◦ is  a  risk  factor  for  mechanical  fail-
ure.
in  the  coronal  plane  must  be  less  than  6◦ (3◦ of  physiological
varus  +  3◦ of  prosthetic  varus),  posterior  slope  must  be  less
than  5◦ with  no  more  than  2◦ of  difference  from  the  physio-
logical  value,  and  inter-prosthetic  divergence  between  the
femoral  and  tibial  components  should  not  exceed  6◦ (Fig.  7).
UKA  acts  as  a  wedge  that  compensates  for  the  joint  damage,
thereby  restoring  normal  kinematics  and  blocking  the  vicious
circle  of  medial  femoro-tibial  osteoarthritis.  Therefore,  the
procedure  must  restore  the  pre-osteoarthritic  femoro-tibial
geometry,  a  fact  that  should  be  borne  in  mind  when  selecting
patients  for  UKA.
The  height  of  the  prosthetic  joint  space  affects  load
transfers  between  the  two  femoro-tibial  compartments.  F.
Mazas  [26]  pointed  out  that  joint  space  lowering  associ-
ated  with  5◦ of  under-correction  generated  54%  of  the  loads
through  medial  UKAsand  that,  in  contrast,  joint  space  ele-
vation  associated  with  5◦ of  over-correction  transferred  88%
of  the  loads  to  the  lateral  femoro-tibial  compartment.  Our
results  conﬁrm  these  biomechanical  data  and  indicate  that
the  prosthetic  joint  space  height  should  be  within  3  mm
in  either  direction  of  the  lateral  compartment  joint  space
height  to  restore  the  balance  between  the  two  femoro-tibial
compartments.  In  addition,  if  the  transverse  tibial  cut  is
placed  too  distally,  the  tibial  implant  rests  on  cancellous
bone,  which  offers  less  resistance  to  compression  forces,  as
demonstrated  in  an  experimental  study  by  Lesaka  et  al.  [27].
Restoring  joint  space  height  is  therefore  crucial  in  terms  of
both  joint  mechanics  and  joint  kinematics.  The  normal  joint
space  height  can  be  determined  intraoperatively  when  the
osteoarthritic  lesions  are  conﬁned  to  the  cartilage.  If  the
epiphysis  is  affected,  we  believe  UKA  is  unwise.  Therefore,
the  indications  of  UKA  may  be  conﬁned  to  stages  I,  II,  and
III  in  the  Ahlbäck  and  Rydberg  classiﬁcation  system  [28], to
the  exclusion  of  stage  IV.
Tibial  component  obliquity  is  another  issue  that  affects
joint  kinematics  restoration  and  bone  resistance  to  loading
[29].  Our  results  indicate  that  the  physiological  obliquity  of
the  femoro-tibial  joint  space,  which  is  about  3◦ of  varus  [30],
should  be  restored  to  within  3◦ in  either  direction,  in  keeping
i
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ith  previously  published  recommendations  [20,27,29,31].
s  pointed  out  by  Hernigou  and  Deschamps  [29],  this  seems
o  apply  only  when  there  is  less  than  5◦ of  overall  lower
imb  varus  (HKA  <  5◦).  As  with  joint  space  height,  these  data
ave  implications  not  only  for  the  operative  technique,  but
lso  for  patient  selection.  Thus,  deformities  of  the  tibial
piphysis,  whether  constitutional  (congenital  tibia  vara)  or
cquired  (stage  IV  in  the  Ahlbäck  and  Rydberg  classiﬁca-
ion  system  [28])  constitute  major  obstacles  to  following
hese  recommendations,  unless  corrective  tibial  osteotomy
s  performed  in  addition  to  UKA.
Finally,  as  with  joint  space  height  and  tibial  component
bliquity,  our  data  indicate  that  the  normal  tibial  slope
hould  be  restored.  We  identiﬁed  two  criteria:  absolute
lope  should  not  exceed  5◦ and  the  change  in  slope  should
ot  be  greater  than  2◦ relative  to  the  physiological  value.
lope  inﬂuences  both  bone  quality  [32]  and  knee  kinemat-
cs.  A  greater  change  in  slope  value  affects  the  ﬂexion
ange  of  the  prosthetic  knee  [33,34]. Excessive  slope  results
n  active  anterior  tibial  translation  [29,34],  placing  excess
oads  on  the  anterior  cruciate  ligament.  Subsequent  disten-
ion  of  this  ligament  may  result  in  knee  instability,  whereas
bsence  of  ligament  distension  with  load  transfer  to  the
rosthetic  plateau  may  result  in  tibial  component  loosening.
hese  data  further  support  the  conclusions  drawn  in  2004  by
.  Hernigou  and  G.  Deschamps  [35].
In  addition  to  the  above-described  criteria  for  tibial
omponent  positioning,  the  tibial  and  femoral  components
hould  form  a  90◦ angle  with  each  other.  Our  data  indicate
 margin  of  tolerance  of  6◦ in  either  direction.  Divergence
s  inﬂuenced  by  both  implant  position  and  implant  geome-
ry,  as  shown  by  studies  of  Scandinavian  registries  [36,37].
n  recent  prosthetic  designs,  the  large  radius  of  the  cir-
ular  prosthetic  condyle  curvature  in  the  coronal  plane  is
ble  to  ‘‘tolerate’’  greater  degrees  of  intraprosthetic  diver-
ence  compared  to  the  older  designs,  in  which  stress  peaks
ccurred  at  the  edges  of  the  ﬂat  prosthetic  condyle  if  the
ngle  with  the  polyethylene  tibial  component  differed  even
lightly  from  90◦.  We  believe  that  the  distribution  of  these
wo  prosthesis  types  in  our  sample  inﬂuenced  the  value  of
he  margin  of  tolerance  (6◦)  found  in  our  study.  Although
e  do  not  advocate  the  use  of  a  less  stringent  criterion
or  this  parameter,  we  believe  that  intraprosthetic  implant
lignment  depends  chieﬂy  on  prosthesis  design.  Therefore,
lignment  issues  should  be  discussed  in  the  recommenda-
ions  developed  by  manufacturers.
Although  our  retrospective  study  provided  numerical
riteria  for  tibial  component  positioning  during  medial  UKA,
t  has  a  number  of  limitations  in  terms  of  both  the  study
esign  and  the  population.  Missing  data  upon  re-evaluation
equired  patient  selection  that  modiﬁed  the  initial  pro-
ocol  to  some  degree.  The  study  was  retrospective,  and
onsiderable  variability  occurred  in  implant  types,  surgical
echniques,  and  surgeons.  The  technique  used  to  analyse
he  radiographs  is  open  to  criticism:  thus,  we  assumed  that
he  normal  medial  joint  space  height  was  identical  to  the
eight  of  the  lateral  femoro-tibial  joint  space,  and  we  did
ot  assess  intra-observer  or  interobserver  reproducibility.ncluded  the  failures  recorded  during  the  ﬁrst  2  years,  which
ere  excluded  from  the  other  analyses.  Strengths  of  our
tudy  include  the  large  sample  size,  the  investigation  of  a
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ample  whose  heterogeneity  was  representative  of  clinical
ractice  in  France,  and  the  consistency  between  our  ﬁnd-
ngs  and  those  reported  previously.  These  strengths  support
he  relevance  of  our  conclusions  and  recommendations  to
linical  practice.
Our  results  demonstrating  that  a  high  degree  of  accu-
acy  is  required  for  proper  tibial  implant  positioning  during
edial  UKA  is  further  evidence  not  only  that  considerable
echnical  expertise  with  the  procedure  is  crucial,  but  also
hat  UKA  is  chieﬂy  a  conservative  procedure.  Implant  posi-
ioning  must  be  optimal  to  restore  normal  knee  kinematics
nd  to  prevent  wear  of  adjacent  knee  compartments  and  of
he  prosthetic  components.  Thus,  UKA  may  be  even  more
ikely  than  TKA  to  beneﬁt  from  computer-assisted  naviga-
ion  and  individually  tailored  cutting  guides  designed  to
ncrease  implant  position  reproducibility  even  outside  highly
pecialised  centres  [38].
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